nervousness and elevations in heart rate associated with anticipation of competition can elicit 1 feelings of anxiety and increase heart rate and cardiac output even when the competition is Although imagery can modify symptoms that are experienced when exposed to acute 4 psychological stress, most of the previous research has focused on using imagery to reduce or would be experienced when exposed to the real-life stimulus), and (c) meaning propositions 5 (i.e., the relationship between the stimulus and response propositions). The inclusion of these 6 propositions is thought to underlie imagery's effectiveness. In support of this theory, Jones, lower perceived stress of a climbing task. Additionally, when response propositions such as 10 elevations in heart rate and feelings of anxiety are imaged alongside feelings of confidence 11 and being in control (i.e., challenge imagery), individuals perceive the situation to be less 12 threatening and report greater feelings of confidence, and anxiety to be more helpful imaging the same responses (i.e., elevations in heart rate and feelings of anxiety) but 15 changing the meaning propositions to not feeling confident or in control (i.e., threat imagery) 16 leads to the task being perceived as more threatening, lower confidence, and similar levels of 
23
(2010) demonstrated that the majority of participants selected the challenge imagery to be the 24 most helpful imagery in dealing with stress compared with the neutral and threat imagery.
This research supports the notion that imagery containing responses to stress, but 1 accompanied by positive interpretations, is likely to elicit the most adaptive coping response 2 when exposed to a stressful situation. The present study was the first to examine whether imagery designed to alter stress 10 appraisal could manipulate anxiety and heart rate responses in response to a standardized 11 acute psychological stress task. Using a within subject design, the study incorporated 12 measures of heart rate, anxiety (intensity and how helpful or hurtful symptoms were 13 perceived to be), and confidence before and when exposed to three speech preparation tasks.
14
Prior to each speech preparation exposure, participants performed either challenge, threat, or 15 neutral imagery (one imagery condition prior to one speech preparation).
16
It was hypothesised that challenge imagery would elicit a greater challenge appraisal 17 than threat and neutral imagery, while threat imagery would elicit a greater threat appraisal 18 compared to challenge and neutral imagery. Due to the higher level of perceived threat, it 19 was hypothesised that although all speech preparations would be stressful and elicit increases 20 in heart rate, perceived stress and heart rate would be significantly greater during the threat 21 imagery speech preparation compared to the challenge and neutral imagery speech hours prior to testing. Prior to data collection ethical approval was obtained from the 10 university ethics committee and all participants provided written informed consent.
11

Heart Rate
12
The cardiac pulse signal was recorded continuously during the protocol using a pulse Stressfulness of tasks. Following each speech preparation task participants indicated 13 how stressful they perceived the task to be. Responses were made on a 7-point scale ranging 14 from 1 (not at all stressful) to 7 (extremely stressful).
15
Imagery evaluation. To ensure that participants were able to image the scenarios as 16 described, participants completed four items used previous in imagery research (Williams & 17 Cumming, 2012a). The first item asked participants the extent to which they imaged each 18 scenario as instructed. Responses were made on a 7-point scale from 1 (not at all as 19 instructed) to 7 (completely as instructed). The remaining three items asked participants to 20 indicate the ease with which they were able to image each of the three imagery scenarios.
21
Responses were made on a 7-point scale ranging from 1 (very hard to image) to 7 (very easy to image).
23
Speech Preparation Tasks
The speech preparation task consisted of the 2 min preparation phase from the public undergraduate students from the same university to deem stressful situations where they 6 would be accused of something. Participants were told that they had 2 min to prepare a 4 min 7 speech in which they were to defend themselves to either the store manager, exams officer, or stimulus (e.g., "the store manager arrives") and responses (e.g., "your heart is pounding")
23
propositions. However, the meaning of these responses was altered so that compared to the 24 threat condition (e.g., "This is your body preparing to perform the speech poorly"), individuals in the challenge condition would feel confident and that they were able to cope 1 (e.g., "This is your body preparing to perform the speech well"). This alteration was done responses to stress and simply described the series of events (i.e., stimulus propositions).
5
To prevent differences in responses being a result of the speech preparation topics 6 (i.e., shoplifting, exam cheating, rail ticket stealing) rather than the imagery condition (i.e., 7 challenge, threat, neural), three imagery scripts were created for each speech preparation 8 topic (i.e., there was a challenge shoplifting script, a threat shoplifting script, and a neutral 9 shoplifting script). Consequently, nine scripts were produced in total and participants were 10 randomly assigned to different scripts so that each participant experienced three conditions 11 (i.e., challenge, threat, and neural script), as well as three scenario scripts (i.e., shoplifting, Pilot testing revealed that participants preferred the imagery content to be broken 17 down into four parts. This allowed the participants to take in all the imagery information 18 more effectively. Participants were provided with a specific part of the script and given 30 s 19 to read and image the content described. Each imagery condition lasted for precisely 2 min.
20
Procedures
21
The study was conducted over two laboratory sessions lasting approximately 2 hours 22 in a research lab where the first author is based. All sessions were one-to-one and face-to- Prior to the stress portion of the protocol, participants completed the IAMS to indicate 5 how anxious and confident they felt prior to any exposure of the stress tasks (pre-trial anxiety 6 assessment). They were then positioned in a comfortable position and heart rate equipment 7 was attached. Once this setup had been done (~10 min), participants completed a 6 min 8 adaptation period. Next, participants completed the first speech preparation trial. Each trial 9 started with a 2 min resting baseline during which heart rate was continuously recorded.
10
After baseline, participants received the 2 min imagery script, which contained both the task 11 instructions and imagery manipulation. Following the imagery, participants completed the 12 IAMS and challenge threat appraisal measure. Next, participants completed the 2 min speech 13 preparation task during which heart rate was continuously recorded. Following the speech 14 preparation task, the trial ended with participants indicating how stressful they found the 15 preparation task.
16
The procedures for the speech preparation trial were then repeated another two times 17 so that three trials were completed in total. Due to the number of scripts, counterbalancing protocol was examined by investigating the extent to which participants imaged as instructed.
7
One participant reported not imaging as instructed and was thus excluded from the analysis 8 leaving a total sample of 24 participants. Of these remaining participants, 12 completed the 9 challenge condition first and the threat condition last and the other 12 completed the threat 10 condition first and challenge condition last.
11
To examine whether the content of the speech preparation tasks (i.e., shoplifting, whether there were any differences in heart rate, and a 3 Speech topic scenario (shoplifting, 16 exam cheating, train ticket stealing) one-way repeated measures ANOVA examined whether 17 there were any differences in task stressfulness. Two separate one-way repeated measures
18
ANOVAs were run to examine any differences in speech task topic imaged (i.e., shoplifting,
19
exam cheating, not purchasing a rail ticket) and the imagery condition (i.e., challenge, 20 neutral, threat).
21
Next, analyses were conducted to examine the extent to which the imagery conditions 22 (i.e., challenge, neutral, threat) altered the psychological and heart rate responses to stress. measures ANOVAs examined any differences in how stressful the speech preparation was perceived to be and the extent to which it was appraised as a challenge or threat. Heart rate 1 was analysed using a 2 Time (baseline, speech preparation) × 3 Imagery condition (challenge, 2 neutral, threat) to examine whether the speech preparation phases significantly perturbed 3 heart rate, and whether perturbations were different following the different imagery 4 conditions. Separate 4 Time (pre-trial, challenge, neutral, threat) repeated measures
5
ANOVAs examined any differences in anxiety and confidence between the time point prior 6 to any of the speech preparation trials (pre-trial) and the moments immediately prior to the 7 speech preparations (following the imagery manipulations). Pairwise least significant 8 differences comparisons were used to follow up on all significant main effects and 9 interactions.
10
Data was screened for any missing values. There was no missing data for heart rate 11 responses, but due to technical errors in recording of psychological responses there were 12 missing cases for ease of imaging (n = 2), task stressfulness (n = 3), challenge threat (n = 3), 13 somatic anxiety intensity (n = 1), somatic anxiety direction (n = 2), and confidence (n = 1). in which they had missing data.
17
Results
18
Speech Task Topics
19
Means and standard deviations of the heart rate and perceived stressfulness broken 20 down across speech topic are presented in Table 1 with a similar baseline heart rate in each following the threat imagery compared to the challenge and neutral imagery.
16
Perceived Challenge Threat State
17
Challenge threat ratings for the speech preparation tasks are presented in Table 3 .
18
The 3 Imagery condition (challenge, neutral, threat) ANOVA revealed a significant main perturbed cardiac activity, heart rate was significantly greater during the speech preparation 7 following the threat imagery, compared to the speech preparations following the neutral and 8 challenge imagery conditions. This has been depicted in Figure 1 as a change score of speech 9 preparation minus baseline for each condition.
10
Anxiety and Confidence
11
Cognitive and somatic anxiety intensity and directional interpretation, and self-
12
confidence means and standard deviations are reported in Table 3 previous study and the present study could be due to using an actual stress evoking scenario 3 in the present study rather than a hypothetical scenario used previously further supporting the 4 notion that the present study employs a more rigorous design as it is more reflective of day to 5 day life. This suggestion is supported by other research demonstrating similarities in 6 cognitive and somatic anxiety intensity following challenge and threat imagery scripts in 7 relation to an actual task (Williams & Cumming, 2012a ). As such, the challenge and threat 8 imagery scripts may not be able to alter anxiety intensity beyond that already being 9 experienced as a result of speech preparation task exposure.
10
Despite similarities in anxiety intensity, challenge and neutral imagery elicited more Imagery's ability to manipulate heart rate and anxiety responses to stress has large A limitation of the present study is that the number of imagery conditions and speech 1 task topics meant that the 36 counterbalance orders made us unable to completely 2 counterbalance. However, the threat and challenge conditions were counterbalanced because 3 the comparison between these conditions was of the greatest interest to the present study. Note. HR = heart rate (beats per minute), stressfulness ratings ranged from 1 (not at all 4 stressful) to 7 (extremely stressful). * significantly greater than baseline (p < .001). No 5 significant differences across topics. Note. Ease of imaging ratings ranged from 1 (very hard to image) to 7 (very easy to image).
5
No significant differences across speech topics or imagery conditions. Note, a significantly different from the threat condition, b significantly different from the pre-trial assessment, * p < .05, ** p < .01, *** p < .001. 
